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Ethylene production by p l a n t s  has been recognized f o r  some t i m e  (1,2,3,4,5,6) . 
Not so w e l l  known or recognized, however, i s  t h e  evolut ion of e thylene  by a v a r i e t y  

of mammalian cell systems or preparat ions.  

demonstrated ethylene evolut ion from aged and sonicated rat l i v e r  and i n t e s t i n a l  

f r a c t i o n s .  

chondrial  suspension, incubated a t  30°C i n  a pyruvate-malate medium, a t  t h e  rate 

Thus Chandra and Spencer (7) have 

Gibson ( 8 )  has demonstrated ethylene production by a beef h e a r t  mito- 

of 40.7 mu1 of C2H4/2 hr.  from 46 m l  of a 51 mg. protein/ml suspension. These 

Ethylene mitochondria consumed oxygen and ca r r i ed  out  ox ida t ive  phosphorylation. 

production from sonicated mitochondria increased  10 fold.  

sonica ted  mitochondria l e f t  ethylene-producing a c t i v i t y  almost e n t i r e l y  i n  t h e  

supernatant.  

The f r ac t iona t ion  of 

Cer ta in  biochemical e f f e c t s  of e thylene on i s o l a t e d  mitochondria have been 

descr ibed by Lyons and P r a t t  (9) who showed, by using spectrophotometric techniques 

f o r  fol lowing t h e  changes produced, t h a t  e thylene,  i n  an overlaying e thylene-a i r  

mixture ,  caused swel l ing of mitochondria suspended i n  0.12% KCL.  Ethylene i n  a 

concent ra t ion  of lOOOppm did  not  enhance oxygen uptake o r  uncouple ox ida t ive  

phosphorylation. 

d r i a l  membrane permeabili ty.  
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These au thors  suggest t h a t  e thylene causes increased  mitochon- 
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Lieberman and Mapson ( 10) have demonstrated non- enzymatic evolut ion of ce r t a in  

hydrocarbons by exposing l i n o l e n i c  acid t o  a i r ,  l i g h t  and 20-25OC f o r  a minimum 

of t h r e e  days and then incubat ing with a sco rb ic  ac id  and copper i o n  i n  a c e t a t e  

b u f f e r ,  pH 4.5. Ethylene and ethane were produced i n  a r a t i o  of 11:15. 

These f ind ings  may be summe'rized as follows: 1) Small amounts (2.3 X 

moles/gm w e t  weight) of e thylene  have been shown to be  evolved by l i v e r ,  heart, 

and i n t e s t i n a l  mitochondria 

cont r ibu t ion  t o  ethylene production appears t o  be negl ig ib le ;  

t o  e f f e c t  mitochondrial  swelling, but has not  y e t  been shown t o  a f f e c t  oxygen 

consumption o r  ox ida t ive  phosphorylation; 

production may be c e r t a i n  mitochondrial l i p i d e s .  

2) I n  p l a n t s  a t  least, Kreb's cyc le  in te rmedia te  

3) e thylene  appears 

4) t h e  most l i k e l y  s i t e  f o r  e thylene 

Ethylene production by o the r  than p l an t  c e l l s ,  e spec ia l ly  by a v a r i e t y  of 

mammalian cells, i s  a r a t h e r  unexpected f inding.  Th i s  immediately poses t h e  

prospect  t h a t  a v a r i e t y  of o ther  unexpected ( fore ign?)  v o l a t i l e  metabol i tes  

generated by prepara t ions  of normal c e l l s ,  might be shown, provided t h e  means 

f o r  de t ec t ion  and i d e n t i f i c a t i o n  of v o l a t i l e  materials appearing i n  extremely d i l u t e  

concent ra t ions  were ava i lab le .  

Our approach t o  t h i s  problem may be  b r i e f l y  descr ibed as follows. The i n t a c t  

l i v e r ,  excised from a labora tory  rat s a c r i f i c e d  by stunning was homogenized i n  

phosphate-glucose-Ringer's so lu t ion  using t h e  conventional Potter-Elvejhm apparatus.  

The f i n a l  10% homogenate was incubated a t  room temperature (23OC) f o r  fou r  hours. 

The "dead" space gas  overlaying t h e  homogenate, was sampled by in t roducing  a l i q u o t s  

i n t o  a pre-evacuated (10 mm Hg) ambient temperature gas i n l e t  system. This  

a l i q u o t  w a s  i n  t u rn ,  bled i n t o  t h e  source of a model 14-101 Bendix Time-of-Flight 

-4 

&iss Spectrometer. Sampie pressures  were of the order  of 100-1000 u Hg; i n s t r u m e n t  

10. Lieberman M. and Mapson, K. A. Nature, 204, 243, (1964) 
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pres su res  of t h e  order  of 2-10 X lOg7mm Hg. 

peaks were monitored with a model 5 4 3  Tektronix osc i l loscope  and recorded by 

means of a Honeywell osci l lograph.  Sample i n l e t  system and mass spectrometer 

background cont r ibu t ions  were recorded before  and a f t e r  sample introduct ion.  

Filament cu r ren t  was 2.7 amps, t r a p  cur ren t  0.15 u amps, analog ( 1 2 )  s e n s i t i v i t y  

0.1 X 1, scan rate 5 ,  to ta l  cur ren t  0.1 mu amps, osc i l lograph  preampl i f ie r  set 

a t  f u l l  gain.  

Location and i n t e n s i t y  of mass number 

Experiment 1 cons is ted  of t h e  sample preparat ion and condi t ions descr ibed 

above. 

of severa l  a n t i b i o t i c s  t o  obvia te  any poss ib l e  b a c t e r i a l  v o l a t i l e  compound cont r i -  

bution. 

means of water l i n e  a s p i r a t o r ,  thus  accounting f o r  t h e  disappearance of mass 32 

i n  experiment 11. 

of background cont r ibu t ions ,  

I n  experiment 11, sample preparat ion was a l t e r e d  t o  inc lude  t h e  addi t ion  

Also, excess 02, used f o r  homogenate oxygenation, was evacuated by 

Mass numbers l i s t e d  are those  remaining following el iminat ion 

Raw data from which these  RBSS numbers were taken i s  

t a b u l a t e d  i n  Appendix I, 

M/ e 

Experiment I 

16, 28, 32, 33, 
40, 42 ,  43, 44, 
46, 57, 58,  59, 

60,  63, 71, 73,  
74 ,  7 5 ,  89, 96, 
108 

M/ e Simi la r  

Experiment 11 Mass Numbers 

30, 43, 44, 57, 43, 44, 57, 58 ,  
58, 59, 60 ,  67, 59, 60, 71,  73  
71 ,  72,  73 ,  74 ,  74 ,  75,  893, 
75 ,  76,  77 ,  78,  1081 

79 ,  83, 84, 85, 

89,  90, 108, 
138- 142 
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Tentative Mass Number AssiRnments 
0 

+ + 
3 

57 H3C%-CH2; H C-CHzCH -CH 
3 0 

58 H 3 C - @ - a i  

59 H C - C H F C H F N H ~  + 
3 

+ 60 H3CICH,j- C H 2 4 H  

+ H-CCH1C-CH2 + 
3 I I  

0 0 
73 H3CCHPrCH20+; H3C CH (OH) C I'+ ; H C - C H - 4 3 , -  CH- NH2 + 

74 H C - C H ~ C H ~ C H ~ O H  + ; H 3 C M  (OH)-C-H 8 +  
3 2  2 

3 

75 H ~ C I C H  (OHI-CH ( O H ) +  7;  H ~ C - M  ( O H M X ~ N H ~  

89 4 

108 ? 

One may note that mass number 28 appears (239, of base peak, mass no. 32) i n  

experiment I, but not Experiment 11. 

Nil resu l t ing  from Ionization of leak-introduced air. Obviously, air would also 

g i v e  rise to  mass number 32 (O;ll.. In this  case, however, base peak 32 i s  due t o  

the use of oxygen for enhancement of hnmng~na-ta rsspirati=;,. 

a i r  was driven from the sample bulb and air-borne nitrogen v i r t u a l l y  eliminated, 

The appearance of mass 28 i s  usual ly  due t o  

AS B coniiqumce, aj.1 
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I n  add i t ion ,  e l ec t ron  energy l e v e l s  used were such t h a t  e thylene,  i f  present ,  bu t  

n o t  N p ,  would undergo molecular i on  formation. 

28 i n  Experiment I could be  due t o  the  e thylene  molecular ion  (H2C=CH 1. 

t h i s  same mass number f a i l e d  t o  appear i n  experiment 11 remains t o  be  determined. 

I n  ou r  opinion then, mass number 

+ 
Why 2 

It would appear t h a t  a n a t u r a l  extension of t h e  techniques and f ind ings  he re in  

descr ibed  would cons i s t  of t h e  following: 

11 Fur ther  d e l i n i a t i o n  of present  work t o  more c l e a r l y  a sce r t a in  
s i g n i f i c a n t  mass number cont r ibu t ion  1) p a r t i c u l a r l y  a t  low 
e l ec t ron  energy l e v e l s  (molecular i on  formation).  
e l imina t ion  of spec ies  known t o  be present ,  i.e., 

2) with t h e  

+ + + 
N + 2  2 = 14, 0;' = 16, H20 = 18, N2=28, 0'- 2- 32, C02= 44, 
and 3) from mass 60 up through 138-142. 

2) Detec tab le  d i f f e rences  i n  mass number cont r ibu t ion  when mitochon- 
d r i a l ,  microsomal, supernatant ,  or sub f rac t ions  of these ,  prepared 
by sonica t ion ,  or o ther  acceptab le  procedures,  a re  employed, 
r a t h e r  than t h e  more complex, from a systems po in t  of view, 
homogenate. 

3) Typica l  mass number pa t t e rns  discerned when homogenates, o r  t h e  
va r ious  sub f rac t ions ,  prepared from microbial  cells  are s i m i l a r l y  
examined. 

4) The e f f e c t  on mass number p a t t e r n s  when c e r t a i n  mitochondrial  
swel l ing agents ,  e.g., ATP, Ca+2, throxine,  g e n i s t e i n ,  o r  an t i -  
metabol i tes ,  e.g., malonate, d in i t rophenol ,  t r iamcinalone,  are 
added t o  mitochondrial ,  o r  o the r  appropr i a t e  prepara t ions ,  

Cer ta in  o t h e r  modif icat ions,  e i t h e r  i n  v o l a t i l e  compound sample prepara t ion ,  

o r  i n  a d d i t i o n a l  instrumentat ion may prov ide . the  means f o r  f u r t h e r  refinement and 

eva lua t ion  of €€mOUntB and types  oE v o l a t i l e  materials evolved by t h e s e  prepara t ions .  

I ' r e f e r  p r imar i ly  t o  u t i l i z i n g  t h e  head-space gas  technique f o r  sample prepara t ion ,  

and t h e  use of t h e  gas  chromatograph as a means of ind iv idua l  compound i d e n t i -  

f i c a t i o n  and in t roduc t ion  i n t o  the mass spectrometer,  once w e  have a better idea 

-c CL- - > - J - - - - -  
UL  L A W  UIAIILIUUIII sampie voiumes from wnicn w e  can reasonably expect t o  demonstrate 

v o l a t i l e  compound evolut ion.  



APPENDIX 

EXPERIMENT I 
2 3 4 5 

I n t e n s i t y  , Electron Base peak Sample 
'I of base peak (b )  Energy ( V I  (c) and t i m e  i n t e r v a l  ( d )  Pressure  (u H g )  

1 

M/e (a) 
16 
28 
32 
33 
40 
42 
42 
42 
43 
44 
44 
46 
57 
57 
57 
57 
58 
58 
58 
58 
58 
59 
59 
59 
60 
60 
60 
60 
63 

22 
23 

100 
70 
24 

100 
100 
47 

100 
19 
18 
17 
10 
78 
41 
18 

100 
86 

100 
44 
41 
78 
87 
50 
85 

100 
70 
48 

100 

1285 
12.5 
12.5 
1285 
12.5 
12.5 
12.5 
12.5 
12.5 
1285 
12.5 
14 

14 
12.5 
1285 
12.5 
12.5 

12.5 

12.5 
14 
12.5 
14 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
14 

32/ 60 
32/ 60 
32/ 60 
32/ 60 
42/ 0 
42/ 0 
42/ 0 

126- 130/ 120 
43/0 
581 0 

126-1301 120 
63/30 
42/0 
63/ 30 
73/60 

126- 130/ 120 
581 0 

43/0 + 60/0 
58/0 
631 30 

1081 60 
63/30 

108/ 60 
73/ 60 
42/ 0 
60/ 0 
58/ 0 
581 0 
631 30 

(e) 1000 
1000 
1000 
1000 
800 
800 
500 
200 
300 
400 
200 
100 
800 
100 
500 
200 
500 
300 
400 
100 
500 
100 
500 
500 
800 
300 
400 

1000 
100 

( a )  Mass t o  charge r a t i o .  Thus O+l=32/1=32; 0c2=32/2=16; H20+'=18/1=18; 

(b )  Base peak (column 4) i n t e r p r e t e d  as being t h a t  component g iv ing  maximum osc i l l o -  
graph galvanometer de f l ec t ion  under t h e  descr ibed s e n s i t i v i t y  and o the r  condi t ions.  
All o t h e r  peak he igh t s  appearing on t h e  appropr i a t e  osc i l lograph  trace are t h e  
s t a t e d  p a r t  ( o r  percentage) of the base peak. 
( c )  These va lues  are d i r e c t  readings from instrument panel d i a l  used t o  a d j u s t  
v o l t a g e  passing through f i lament  e lectrodes.  

t h e  base  peaks ind ica ted ,  were i s o l a t e d  i n  t h e  gas i n l e t  system from t h e  dead space 
g a s  overlaying t h e  homogenate. 
( e )  P h i l l i p s  gauge reading of sample pressure  i n  ambient temperature gas  i n l e t  system. 

H~+'=198-202/1=198, 199, 200, 201, 202; Hg+2=198-202/B99, 99.5, 100, 100.5, 101 

!d) These fFg?lres Ffidicete the time !minuten) n-fter ific?lhatinn p r i a d , ,  st which 
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Table I (cont) 

M/ e 

71  
73 
73 
74 
75 
75 
75 
75 
89  
89 
96 
108 

M/ e 

30 
43 
43 
43 
43 
44 
57 
57 
58 
59 
59 
59 
59 
59 
59 
59 
60 
60 
60 
60 
60 

In tens i ty ,  Electron Base peak 
X of base peak Energy (VI and t i m e  i n t e rva l  

36 
18 

100 
86 
35 

9 
58 
19 
63 
58 
42 

100 

X In tens i ty ,  
of Base Peak 

15 
58 
43 
19 
75 
16 

100 
100 
58 
40 
40 
34 
47 

100 
100 
45 
100 
79 

lo(3 
58 

100 

14 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

14 
126-130/120 

108/ 60 
73/ 60 
73/ 60 

108/ 60 
73/ 60 

108/ 60 
73/ 60 
731 60 

108/ 60 

43/0 & 60/0 

126- 130/ 120 

EXPERIMENT XI 

Electron Base peak 
Energy (VI per t i m e  "min 

12.5 
12.5 
12.5 
11.0 
11.0 
11.0 
12.5 
12.5 

12.5 

12.5 

12.5 

12.5 

12.5 
12.5 
11 00 
11.0 
12.5 
12.5 
12.5 
11.0 
12.5 

7510 
60/30 & 75/30 

57,59,60,75/30 
75,76 , 108/ 60 

138-142/ 60 
751 60 

57,59,60,75/30 
75,78,57/0 

75,60/0 
7510 

75 + 60/0 
75,78,57/0 

60 + 75/30 
57,59,60,75/30 

59/ 60 
75/ 60 

60 + 75/30 
7510 

75 + 60/0 
75,76 , 1081 60 

57,59,60,75 

4 X log7 B. A. Gauge reading 
A 6 X loo7 B. A. Gauge reading 

Zero time corresponds t o  2 hrs. incubation time * 

Sample 
Pressure (u Hg) 

200 
O500 
A500 

500 
300 
'500 
A500 

200 
500 
*500 
A500 
A500 

Sample 
Pressure  (u Hg) 

1000 
500 
400 
700 

25 
800 
400 
200 
800 

1000 
800 
200 
500 
400 

1000 
800 
500 

1000 
800 
700 
400 
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MI e %Xn ten s i t y  , 
& of base peak 

60 
67 
71 
71 
72 
73 
74 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
76 
76 
76 
76 
76 
77 
78 
79 
83 
84 
84 
85 
89 
89 
90 
108 
108 
138- 142 

* 55 
33 
24 
65 
58 
58 
40 
100 
100 
100 
100 
100 
15 
30 
100 
100 
100 
33 
47 
45 
100 
10 
9 

100 
27 
79 
8 
10 
58 
76 
12 
79 
100 
64 
100 

Ev 

11.0 
12.5 
12.5 
11.0 
12.5 
i2.5 
12.5 
12.5 

12.5 
12.5 
12.5 
11.0 
11.0 
11.0 
11.0 
11.0 
12.5 
12.5 
12.5 
11.0 
11 -0 
11 ..o 
12.5 
11.0 
11.0 
12.5 
11.0 
12.5 
12.5 
11.0 
12.5 
11 e o  

11.0 
11.0 

12.5 

Base peak 
per t i m e  "min 

751 60 
57,59,60,75/30 

7510 
75,76,108/ 60 

75,60/0 
75,78,57/0 

60,751 30 
7510 

75,6010 
75,78,57/0 

60 , 75/ 30 
57,59,6025/30 

1081 30 
59/ 60 
75/60 

75,76,108/ 60 
75/60 

75,60/0 
60,75/30 

57,59,60,75130 

75/ 60 
75/ 60 

75/ 60 
75/ 60 

75,78,57/0 
75/ 60 

75,60/0 
75/0 

75,76,108/60 
7510 

75,76,108/ 60 
751 60 

75,76, 1 OS/ 6 0 

57 3 75 78/0 

138- 1421 160 

Sample 
Pressure  (u Hg) 

800 
400 
1000 
700 
800 
200 
500 
1000 
800 
200 
5 00 
400 
50 

1000 
800 
700 
500 
800 
500 
400 
700 
500 
500 
200 
800 
500 
200 
500 
800 

1000 
700 
1000 
700 
500 

25 

'I 

I 


